The aerial parts of Hypericum richeri Vill. subsp. grisebachii (Boiss.) Nyman were collected from two different locations in Croatia and subjected to hydrodistillation. GC/FID and GC/MS analysis of the isolated essential oils revealed 64 compounds representing 94.7% and 98.2% of the total oils. Predominant constituents in both samples were: germacrene D (10.9%; 6.0%), bicyclogermacrene (4.7%; 3.5%), -pinene (6.8%; 6.9%), -pinene (8.1%; 5.1%), decanoic acid (4.5%; 6.8%), -caryophyllene (3.3%; 7.5%), δ-cadinene (7.0%; 4.4%), spathulenol (6.0%; 9.5%) and tetracosane (3.1%; 5.8%). Comparison of both samples revealed similarity in the chemical composition with minor fluctuations of constituent percentages. The chemical profile of Croatian oils was in general similar to those reported for other geographic areas regarding major mono-and sesquiterpene constituents. However, spathulenol, δ-cadinene and bicyclogermacrene were more abundant in Croatian oils. The presence of decanoic acid (4.5%; 6.8%) in Croatian oils was the major difference between acids and fatty acids derivatives. Higher abundance of alkanes (particularly tetracosane and docosane) was also noticed.
The large genus Hypericum (Hypericaceae) is mostly widespread in the temperate regions and contains approximately 450 species. Many of these are used in traditional medicine in different parts of the world. H. perforatum L., the most well-known example in the genus, contains naphthodianthrones, phloroglucinols, xanthones, flavonoids, biflavonoids, tannins, and phenolic acids, which show various pharmacological activities such as antidepressant, anxiolitic, antiviral, wound healing and antimicrobial [1] [2] [3] [4] [5] . H. richeri Vill subsp. grisebachii (Boiss.) Nyman (syn. H. alpigenum Kit.) is a glabrous, evergreen herb that grows in SE Alps, Dinaric Alps and Carpathians. In Croatia it is found only in rocky areas of the highest altitudes of the Dinaric Alps. As with most Hypericum species, it can be easily recognized by opposite simple leaves which contain specific dark reddish or black glands, and also by 5-merous yellow flowers with numerous stamens [6] .
Hypericum taxa are generally classified as essential oil poor plants [7] [8] [9] [10] [11] . The components of the essential oil vary with seasons, geographic distribution, phenological cycles and type of glands. Currently, only few papers exist on H. richeri Vill. (with or without determined subspecies level), mainly originating from Italy and Serbia [12] [13] [14] .
The main scope of the present research was: i) to determine the chemical composition of H. richeri Vill. subsp. grisebachii essential oils from two natural stands in Croatia, and ii) to establish similarities and differences of the essential oil constituents from different geographical areas by comparison with literature data. Identified compounds are listed in Table 1 according to their elution order on a HP-5MS column. Sixty-four components were identified in the essential oils from the two different locations (Croatia), representing 94.7% and 98.2% of the total chromatogram area, respectively ( Table 1. ). Both oils were characterized by terpene abundance, mostly mono-and sesquiterpenes. Monoterpenes represented 24.7% (sample A) and 17.4% (sample B) of the total oils, and sesquiterpenes 52.4% (sample A) and 52.5% (sample B).
Predominant compounds in both essential oils were (sample A; sample B): germacrene D (10.9%; 6.0%), bicyclogermacrene (4.7%; 3.5%), -pinene (6.8%; 6.9%), -pinene (8.1%; 5.1%), decanoic acid (4.5%; 6.8%), -caryophyllene (3.3%; 7.5%), δcadinene (7.0%, 4.4%) and spathulenol (6.0%; 9.5%). Previously, germacrene D had been proved to be a biogenetic precursor for a number of different sesquiterpenes, like cadinene, muurolene and cadina-1,4-diene skeletons [15] . Therefore, the majority of the identified sesquiterpenes in the essential oils were probably incurred by acid-catalyzed cyclization of germacrene D. In addition, there is concern that skeletal rearrangements may occur during the hydrodistillation of the plant material to obtain the essential oil.
Other abundant monoterpenes in the oils were (sample A; sample B): limonene (2.4%; 0.8%), cis--ocimene (2.7%; 2.0%), trans-ocimene (1.0%; 0.4%) and -terpineol (1.0%; 1.0%). Besides the major compounds listed earlier, other abundant sesquiterpenes were (sample A; sample B): globulol (1.2%; 2.4%), viridiflorol (1.8%; 2.4%), -cadinol (2.9%; 2.3%) and T-muurolol (6.1%; 4.0%).
In both samples, minor non-terpenoid constituents were present, such as alkanes, aldehydes, fatty acids and their derivatives ( Table  1) . sample B. All these sesquiterpenes derive from C1-C10 cyclization of the FPP precursor and are biosynthetically connected (Figure 1 ). In addition, the percentage of sesquiterpenes derived from C1-C11 cyclization of FPP (β-caryophyllene or caryophyllene oxide) was increased in sample B.
The chemical profile of volatiles found in Croatian samples was in general similar with that reported from Serbia [13] regarding major mono-and sesquiterpene constituents. Among them, caryophyllene oxide was more abundant in Serbian oil (4.2%), while spathulenol, δ-cadinene and bicyclogermacrene were more abundant in Croatian oils. The major difference between the fatty acids and fatty acid derivatives was the abundance of dodecanal (11.9%) in Serbian oil, while it was only present in 0.4% in Croatian oils and completely absent from Italian samples [14] . Decanoic acid constituted 4.5% and 6.8% of the two Croatian samples. Another difference from Serbian oil was the greater abundance of higher alkanes (particularly tetracosane and docosane) in samples A and B. H. richeri subsp. richeri contained germacrene D (26.9%), (Z)-βocimene (11.2%), (E)-β-ocimene (5.7%) and α-cadinol (5.5%) as the major compounds [14] . Quite diverse chemical profiles were found for Italian and Serbian H. richeri, for which the subspecies level was not determined. The Italian oil contained: (E)-anethole (9.5%), globulol (9.4%), nonane (7.9%), caryophyllene oxide, (7.1%) and hexadecanoic acid (6.2%) [17] , and the Serbian oil: (Z)β-ocimene (19.5%), nonane (13.8%), β-bisabolene (8.7%) and (E)β-ocimene (8.0%) [16] .
Concerning the large variability in the essential oil compositions of Hypericum taxa (probably due to the complexity of metabolic pathways, as well as the origin and sampling of the plant material) the observed similarity in essential oil composition of the two native Croatian H. richeri subsp. grisebachii populations leads to the following conclusions. The two populations might be genetically related since both Velebit and Risnjak belong to the East Adriatic mountain complex of the Dinaric Alps, and so both populations share a unique genetic pool. Moreover, both places share the same microclimate and relief characteristics. As sampling was carried out during the flowering stage of the same vegetation year, the possibility of variations is minimized. Likewise, the consistency of the main essential oil constituents of the geographically distant samples from Italy and Serbia was also documented and revealed significant chemotaxonomic characteristics. 
Experimental

Isolation of the essential oils:
Air dried plant material (50 g) was used for hydrodistillation (3 h) in a Clevenger type apparatus with a solvent trap (n-pentane/diethyl ether 1 : 2 v/v). The essential oil was separated, dried over anhydrous Na 2 SO 4 and stored at 4 o C until the analyses.
Gas
chromatography and gas chromatography/mass spectrometry: GC analyses were carried out on an Agilent 7890A apparatus equipped with FID and HP-5MS capillary column (30 m x 0.25 mm i.d.; film thickness 0.25 m). Column temperature: 70 o C, with 2 min initial hold, and then to 200 o C at 3 o C/min, 200 o C (15 min). Carrier gas: He at 1 mL/min. Injector and detector temperatures were 250 o C and 300 o C, respectively. The injected volume was 1 L, split ratio 1:50. All the analyses were carried out in duplicate.
GC-MS analyses were performed on an Agilent 7890A apparatus fitted with a mass selective detector model 5975C, ionization energy 70 eV. Mass range was m/z 30-300 and ion source temperature 280 o C. Volatile compound separation was obtained using the same column and temperature program as described previously.
Qualitative and quantitative determination: Quantitative results are mean data derived from duplicate GC and GC/MS analyses. The individual peaks were identified by comparison of their retention indices (relative to C 9 -C 25 n-alkanes for HP-5MS column) with those of authentic samples and literature [18] , as well as by comparing their mass spectra with the Wiley 275 MS library (Wiley, New York, USA) and NIST98 (Gaithersburg, Germany) mass spectral database. The percentage composition of the samples was computed from the GC peak areas using the normalization method (without correction factors).
